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Abstract 
Dividing a water distribution network into District Metered Areas (DMAs) is the first vital step towards water loss management. It is a 
multivariate problem. Techniques based on Genetic Algorithms is a proven way to provide a very good solution to optimization problems. 
Basic requirement is that each problem must be well described by an objective function. The formation of the objective function is tested 
through Matlab’s optimization tools. The results of the genetic algorithm are compared to the results of an algorithm (in C++ Language) 
developed in an earlier stage to provide optimal system pressure reduction by closing indicated pipes. The process for the formation of the 
objective function and a case study on a real network are presented. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the EWaS2 International Conference on Efficient & Sustainable 
Water Systems Management toward Worth Living Development. 
Keywords: genetic algorithms; DMAs; water loss 
1. Introduction 
In these last decades, one of the main concerns of the water system utilities’ managers, has been the minimization 
of water losses that frequently reach values of 30% or even 40% of the System Input Volume (SIV). Nowadays, the 
problem of water losses in Water Distribution Systems (WDSs) and their reduction, is considered more and more 
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important. This is due to the current trend to privilege the sustainability of consumptions and environmental protection. 
It is a subject of considerable media and politics visibility, mainly when occur periods of scarcity of water resources, 
or when the water supplying is not sufficient in areas with fast growth [1].  In Greece there are water utilities that lose 
more than 50% of the SIV of the network. As a result of the above, most of these water utilities started implementing 
pressure management policies in order to reduce bursts and leaks. Furthermore, Pressure Management (PM) has more 
upsides than mentioned before, such as demand control and asset management [2]. To implement and have an efficient 
PM, water distribution networks have to be divided into District Metered Areas (DMAs). DMAs are smaller segments 
of the network and their formation aims at a more accurate management and a better inspection of the network. For 
the optimal division of a network into DMAs, many parameters need to be taken into consideration, as well as more 
scenarios to be tested. Borders positioning of the DMAs has greater significance when other PM implementations are 
considered, such as PRVs installation on a later stage. The introduction of the concept of DMAs in water distribution 
networks (WDNs) dates back to the 1980s, when it was first proposed in the UK, with the aim of reducing leakage 
[3]. Many successful examples of DMAs implementation have taken place around the world in different WDSs 
[4,5,6,7], but is not an easy task to perform. DMAs implementation can be very challenging, especially in large 
networks where numerous variables exist. Topology of the network, demand allocation and pressure constraints along 
with, the required sensitivity to the service indicators of the network, are the main pillars of the problem’s complexity.  
In the current study, two software tools have been used: a) Epanet to control and inspect the case study network’s 
hydraulic model; and b) Matlab to develop the optimization algorithm and use one of its optimization tools. The inter-
connection of Matlab and Epanet softwares unfolds numerous possibilities and help take the study of WDNs to whole 
other level, providing fast and well-aimed solutions to optimization problems [8]. 
2. Forming of the objective function 
The genetic algorithm is a method for solving both constrained and unconstrained optimization problems, which 
are based on natural selection, the process that drives biological evolution. The genetic algorithm repeatedly modifies 
a population of individual solutions. As described in the online Mathworks library, at each step, the genetic algorithm 
selects individuals at random, from the current population, to be parents and uses them to produce the children for the 
next generation. Over successive generations, the population "evolves" towards an optimal solution. The genetic 
algorithm can be used, to solve a variety of optimization problems, which are not well suited for standard optimization 
algorithms. 
The use of Genetic Algorithms in optimization processes has one great requirement. An objective function (1) has 
to be formed, in a way that describes better the mathematical side of the problem. The objective function was 
developed so that it could take consideration of the pressure of a node, along with the allocated demand. The objective 
function follows: 
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where, ݅ is a custom node of the network,  ܦ௜ǡ௧ is demand of node ݅ for each time step ݐ [lt/sec], ௜ܲǡ௧ is pressure of 
node݅ for each time step ݐ [KPa], ୫୧୬ is the minimum defined operating pressure [kPa]. Ratio 
஽಺ǡ೟
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represents the 
weight of the demand of each node, multiplied by the pressure variation of each node.  
3. The case study WDS  
The case study network chosen, consists of one reservoir providing water to the whole network, two boosters 
providing the required hydraulic pressure, as well as a tank to store water and supply it back to the network, as depicted 
in Figure 1. The number of pipes of the studied network reaches one hundred. Size and complexity of this WDN is 
not of great figures, however is enough to demonstrate a real WDN of a small town, or a part of it. It has to be specified 
that the network is originated from Bentley’s lessons library and is a verified and calibrated example of a real network.  
The objective of the study is to divide the network into a proper number of DMAs, so that a maximum control of 
pressure is achieved. It is proven that most of the times DMAs implementation does not only offer better control of a 
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network and better observation of its performance, but it also achieves a small but significant decrease in the overall 
pressure level of the network. The division of the network in the field, is implemented by the installation of isolation 
valves. In this study though, instead of installing isolation valves we define the initial status of a pipe as closed or 
open. As described right above, DMAs division in this study, is implemented from the appropriate closed pipes. 
 
Fig. 1. The case study network used in this case study (screen dump from EPANET software) 
4. Optimization process and results  
The first step of the optimization process was the development of an algorithm that connects Epanet software with 
Matlab, collects all the data needed and performs calculations. This algorithm performs hydraulic simulation of the 
network’s model and collects the values of nodal demands and pressures. Thereafter, with the set of minimum required 
pressure at 200kPa (minimum required nodal pressure is defined at 200kPa from Greek legislation and is followed by 
all water utilities), it calculates the result of function 1.  
In order to use Matlab’s Genetic algorithm tool, there is the need to harmonize the whole study with its way of 
functioning. Genetic Algorithms can be used to perform optimizations on several occasions, but in each case, some 
modifications have to be made in order for the GA to produce reliable results. As mentioned above, the tool only 
works if the user defines the number of closed pipes, (the number of closed pipes is directly relevant to the position 
and number of isolation valves that will mark the DMA’s borders). With this restriction, occurred the problem of 
predicting the accurate number of closed pipes. This is an example of the fact that GAs are a multilateral way of 
solving optimization problems and each optimization problem may need certain modifications to work. 
To find a solution to the occurred problem, another optimization process is developed. This second optimization 
process is applied on the exact case study WDS and its aim is to divide the WDS in DMAs and achieve the optimal 
global pressure reduction as well. What differs in this optimization process is that, it is based only on performing tests 
and exploiting every possible combination of closed pipes, in order to find the best solution. So a stand-alone C++ 
algorithm is developed, which identifies the network and then tries to find the best combination of closed pipes, in 
order to maintain the best possible reduction of global nodal pressure. The second Algorithm written, forms a whole 
program and works in line with the limitations mentioned earlier and applied to the GA. After the test and validation 
of this program, there was a good solution of the same problem, close to the optimal one, which could be used in order 
to compare with the results of the GA optimization procedure.  The program developed separately, gave a swift 
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solution to the problem that derived from the GA optimization process, regarding the number of closed pipes. It gave 
a certain result of eight different pipes to close and this was taken into consideration in order to define the number of 
different scenarios to be tested. Despite the above, the result of the second optimization process about the DMAs 
formation, is independent to any result given from the GA. With help and guidance from this parallel solution of the 
same problem, the GA optimization tool is utilized to perform the same process for seven to twelve closed pipes, in 
order to cover a satisfying range of possible solutions. Therefore, six different scenarios were developed for each case.  
4.1. Scenario No 1: seven pipes closed 
In the first scenario, the GA tool performed the optimization process for seven closed pipes and it revealed the 
following pipes to be closed as the optimal solution: ȇ-139, ȇ-258, ȇ-35, ȇ-249, ȇ-146, ȇ-149, ȇ-234. The objective 
function (1) resulted in a reduction of 25.07%, compared to its first calculation. The results are demonstrated in figure 
2 below, along with the borders of the four DMAs formed. 
 
Fig. 2. ȉhe 4 DMAs formed through Scenario No1 (screen dump from EPANET software) 
Table 1. The three best combinations of “8 pipes closed”. 
Runs & closed pipes combinations objective function reduction 
First run pipes: ȇ-151, ȇ-249, ȇ-263, ȇ-146, ȇ-212, ȇ-143, ȇ-240, ȇ-35            25.15% 
Second run pipes: ȇ-222, ȇ-256, ȇ-146, ȇ-134, ȇ-258, ȇ-236, ȇ-249, ȇ-35 24.88% 
Third run pipes: ȇ-254, ȇ-240, ȇ-35, ȇ-262, ȇ-249, ȇ-146, ȇ-227, ȇ-134 24.89% 
4.2. Scenario No 2: eight pipes closed 
Selecting a number of eight pipes to be closed, the GA tool did not give a certain unique result. The GA tool was 
executed for multiple times, but each time it resulted in one of three different groups of closed pipes. These three 
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groups of closed pipes are demonstrated in figure 3 with different colors. There are some similar pipes in all three 
results, which means that there is some relevance to the DMAs formation. However, there is a significant difference 
to the reduction of the objective function. So, as described right below, the first group of pipes was chosen as the 
better option for this scenario, because of its best objective function reduction, forming the five DMAs presented in 
figure 4.  
 
Fig. 3. The three best combinations of “8 pipes closed” resulted from the three runs of scenario No2; 1st test run (green); 2nd test run (red); 3rd test 
run (yellow) (screen dump from EPANET software) 
 
Fig. 4. The 5 DMAs formed through Scenario No2 (screen dump from EPANET software) 
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4.3. Scenario No 3: nine pipes closed 
Performing the optimization process for nine closed pipes, the GA tool chose the following pipes to close: ȇ-225, 
ȇ-262, ȇ-130, ȇ-146, ȇ-35, ȇ-46, ȇ-93, ȇ-249, ȇ-148. This selection led to a reduction of 25.07% of the objective 
function and the formation of five DMAs as depicted in figure 5. It can be noted that, despite the different selection 
of closed pipes, the DMAs that are formed in this scenario do not have more than two significant differences from 
scenario No2. 
4.4. Scenario No 4: ten pipes closed 
In this case the research team aimed to find the ten pipes that would be the best choice according to the GA tool. 
The group of pipes chosen is consisted of ȇ-254, ȇ-258, ȇ-227, ȇ-35, ȇ-249, ȇ-146, ȇ-236, ȇ-213, ȇ-90, ȇ-164, 
resulting to a reduction of 25.23% of the objective function. Results follow on figure 6, where it can be seen that in 
this scenario there are six DMAs formed. It has to be notified, that the six DMAs formed, have high complexity and 
despite their efficiency, might be hard for the water utility to implement them. 
 
Fig. 5. The 9 DMAs formed through Scenario No3 (screen dump from EPANET software) 
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Fig. 6. The 10 DMAs formed through Scenario No4 (screen dump from EPANET software) 
 
Fig. 7. The 11 DMAs formed through Scenario No5 (screen dump from EPANET software) 
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Fig. 8. The 12 DMAs formed through Scenario No6 (screen dump from EPANET software) 
4.5. Scenario No 5: eleven pipes closed  
The fifth scenario had the optimization tool to pick which eleven pipes should be closed. The GA tool’s response, 
was the following selection of pipes: ȇ-211, ȇ-143, ȇ-225, ȇ-45, ȇ-35, ȇ-46, ȇ-237, ȇ-265, ȇ-254, ȇ-256, ȇ-234. The 
reduction of the objective function was 24.44% and the DMAs formation is shown below demonstrated in figure 7. 
Reduction of the objective function in the fifth scenario has fallen to lower figures, as the increased number of closed 
pipes is expected not to provide further reduction beyond the optimal level. 
4.6. Scenario No 6: twelve pipes closed  
For the last scenario, the GA tool solved the same problem for twelve closed pipes. The results highlighted the 
following selection of pipes ȇ-228, ȇ-254, ȇ-255, ȇ-262, ȇ-265, ȇ-237, ȇ-35, ȇ-225, ȇ-212, ȇ-139, ȇ-37, ȇ-41. The 
reduction of the objective function in this case was 20.42%, and the DMAs formation is shown on figure 8. Although 
the solution in this case has six DMAs formed, (same as the third and fourth scenario), the reduction of the objective 
function is notably lower. 
5. Discussion 
In this case study, the scenario with ten closed pipes has deprived as the best solution to the problem, which creates 
a maximum of five different DMAs of similar size. Reduction of the objective function in this scenario reached 
25.23%, which was the higher of all, compared to the rest of the scenarios, as depicted in table 1 below. However, 
when implementation of a scenario is estimated, the scenario of eight closed pipes is more appealing, since it has 
barely a difference in the reduction of the objective function and it requires less closed pipes. Meaning less 
interventions to the network and lower implementation costs for the water utility. Of course the reduction of the 
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function is just a number or a percentage and it does not represent any real figures regarding the network. None of the 
figures above represent any real reduction in the service indicators or to any other characteristics of the network. 
Table 2. Scenarios of closed pipes and the reduction of the objective function that each scenario produces 
Number of closed pipes Percentage of objective function reduction 
7 25.07%
8 25.15% 
9 25.07%
10 25.23% 
11 24.44%
12 20.42%
What can be realized from testing these six different scenarios, which were executed for multiple times each, is 
that the GA tool is capable of giving reasonable results. These results are characterized reasonable, since the GA is an 
optimization tool that is based on the generation process and not on accurate operations. If the results of the GA are 
compared to the results of the parallel program that was created, then great resemblance could be found to each other. 
In the two separate optimization processes, the optimal number of closed pipes is not equal, but regarding the GA 
tool, there is no great difference between the scenarios of eight and ten closed pipes. Something else that is verified 
from both optimization processes is that, if more than ten pipes are closed, then the effects of pressure control are less 
efficient. 
6. Conclusions 
Pressure management provides significant upgrades to water distribution networks [9]. The first and basic 
strategical implementation in PM, is formation of DMAs, which is often a challenging problem. Along the years, 
many ways to figure this problem out, have been tried out successfully. Searching for the optimal solution though can 
be difficult and time demanding. In this article is presented a study where Genetic Algorithms are used through 
EPANET and Matlab to offer the optimal solution of DMAs implementation of the studied WDN. The GA 
optimization tool combined with the development of an accurate objective function, was capable of finding the optimal 
division of the network into DMAs. Six scenarios were applied in order to determine the optimal number of closed 
pipes. Such a problem differs from one network to another due to many applied variables that. A program (based on 
trial and error strategy, which exploited every possible combination of closed pipes) was specially designed to solve 
the same problem and utilized on the same network. Comparing the results of the two different optimization processes, 
enough correlation was found, to accept the GA’s solution. The upside of using GA as an optimization tool, is that it 
has a universal character and it can be implemented to any network regardless the size of it. On the other hand, a 
program on C++ language that tries out all the possible combinations of closed pipes of a network, demands great 
computing power and a lot of time.  
The GA tool needs to be calibrated by the user and developer, as well, as has a need of some basic algorithm 
production knowledge. The above are required in order to connect the two softwares, identify the studied network and 
use the GA as an optimization tool. However, GAs are good optimization tools that are capable of providing accurate 
and swift results. Used to find the optimal segmentation of a WDN, a GA can save a lot of time in research and render 
its self as an accredited tool to form DMAs. 
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